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:LWKLQ WKH'HSDUWPHQWRI'HIHQVH 'R' WKHUH LV DSXVK IRU DGYDQFHGDHURVSDFHYHKLFOHV WR MRLQ WKHH[LVWLQJ
IOHHW7KLV LVYLVLEOH WKURXJK WKH -RLQW0XOWL5ROH5RWRUFUDIW7HFKQRORJ\'HPRQVWUDWRU -057' DVZHOO DV WKH
)XWXUH9HUWLFDO/LIW )9/ LQLWLDWLYH$GYDQFHGVLQJOHPDLQURWRUDQGFRPSRXQGKHOLFRSWHUVDORQJZLWK WLOWURWRUV
DUHXQGHUFRQVLGHUDWLRQDVSRWHQWLDOSODWIRUPV$GGLWLRQDOO\WKHUHDUHWHFKQRORJ\H[SORUDWLRQDQGGHILQLWLRQHIIRUWV
FXUUHQWO\ XQGHUZD\ WR DGGUHVV FDSDELOLW\ JDSV IRU VSHHG UDQJH SD\ORDG VXUYLYDELOLW\ UHOLDELOLW\ DQG PLVVLRQ
HIIHFWLYHQHVV
7KH PLVVLRQ SURILOHV IRU WKHVH DGYDQFHG YHKLFOHV LQFOXGH PRUH VWULQJHQW KLJK VSHHG DQG KLJK DOWLWXGH
UHTXLUHPHQWVWKDQH[LVWLQJYHKLFOHVFDQDFKLHYHZKLFKFUHDWHVKLJKHUZHLJKWDQGFRVWSODWIRUPVZKHQXVLQJWRGD\¶V
WHFKQRORJLHV7KHGHPDQGLQJQDWXUHRI WKHVHPLVVLRQVPRWLYDWHVDQDO\]LQJSODWIRUPFRQFHSWV WKDWDUHH[SHFWHG WR
VXUSDVV WKH FDSDELOLWLHV RI WKH FXUUHQWO\ RSHUDWLRQDO XWLOLW\ DWWDFN DQG DUPHG UHFRQQDLVVDQFH KHOLFRSWHUV 7KH




UHTXLUHPHQWV IRU WKH FRQILJXUDWLRQ 7KLV SLFWXUH PXVW DOVR LQFOXGH DQ DQWLFLSDWLRQ RI DQG IOH[LELOLW\ IRU D ZLGH
YDULHW\RIWHFKQRORJ\FDQGLGDWHVWRDGGUHVVSRWHQWLDOFDSDELOLW\JDSV




















$GYDQFHG YHKLFOH GHVLJQ HIIRUWV QHHG WR EH DEOH WR DVVHVV FDSDELOLWLHV LGHQWLI\ FDSDELOLW\ JDSV DQG ILQG WKH
LPSDFW WKDW WHFKQRORJLHV FDQ KDYH RQ FORVLQJ WKRVH JDSV *DWKHULQJ GDWD RQ FDSDELOLWLHV UHTXLUHVPRGHOLQJ ERWK
SHUIRUPDQFHDQGHIIHFWLYHQHVVZKLFKDUHQRWLQGHSHQGHQW$YHKLFOH¶VHIIHFWLYHQHVVLVODUJHO\EDVHGRQLWVPLVVLRQ
V\VWHP WHFKQRORJLHV ZKLFK HDFK KDYH D VL]H ZHLJKW DQG SRZHU 6:D3 LPSDFW WKDW ZLOO DOWHU WKH YHKLFOH¶V
SHUIRUPDQFH
$VL]LQJDQGSHUIRUPDQFHPRGHO LV WKHUHIRUHDQHFHVVDU\SUHFXUVRU WRDQ\HIIHFWLYHQHVVPRGHOLQJVLQFHLWZLOO
JHQHUDWH YHKLFOH SHUIRUPDQFH GDWD DV D IXQFWLRQRI GHVLJQ UHTXLUHPHQWV DQG WKH6:D3RI GLIIHUHQW WHFKQRORJLHV
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ERWK PLVVLRQ V\VWHPV DQG RWKHUZLVH 7KH GHWDLOV RI UHSUHVHQWLQJ VSHFLILF WHFKQRORJLHV DQG PRGHOLQJ WKHLU
HIIHFWLYHQHVVDUHGLVFXVVHGLQ6HFWLRQZKLOHWKHVHOHFWLRQDQGLPSOHPHQWDWLRQRIDYHKLFOHSHUIRUPDQFHPRGHOWKDW
FDQFUHDWHGDWDWKDWDFFRXQWVIRUWKHJHQHUDOLPSDFWVRIWHFKQRORJLHVLVGLVFXVVHGEHORZ
7KH 1$6$ 'HVLJQ DQG $QDO\VLV RI 5RWRUFUDIW 1'$5& VRIWZDUH ZDV VHOHFWHG IRU PRGHOLQJ YHKLFOH
SHUIRUPDQFH VLQFH LW LV D PRGHUQ DLUFUDIW DQDO\VLV WRRO LQWHQGHG WR VXSSRUW ERWK FRQFHSWXDO GHVLJQ HIIRUWV DQG
WHFKQRORJ\LPSDFWDVVHVVPHQWV7KH1'$5&VRIWZDUHFDQVL]HYHKLFOHVSHUIRUPRIIGHVLJQPLVVLRQDQDO\VHVDQG
LVDEOHWRLQWHJUDWHDZLGHYDULHW\RI³WHFKQRORJ\IDFWRUV´IRUURWRUFUDIWVXEV\VWHPV7HFKQRORJ\IDFWRUVLQ1'$5&
FDQPRGLI\ VXEV\VWHPZHLJKW DFFHVVRU\ SRZHU GUDZ GUDJ FKDQJHV DVZHOO DV URWRU V\VWHP SHUIRUPDQFH DOO RI
ZKLFKDUHUHTXLUHGWRPRGHOWKH6:D3RIDJHQHUDOVHWRIWHFKQRORJLHV
7KUHH YHKLFOH FRQFHSWV ZHUH SURYLGHG DV EDVHOLQHV WKDW UHSUHVHQW FXUUHQWO\ IHDVLEOH GHVLJQV DQG WHFKQRORJ\
OHYHOV D VLQJOHPDLQ URWRU D FRPSRXQG KHOLFRSWHU DQG D WLOWURWRU 7KHVH GHVLJQV DUH DQDORJRXV WR WKH -057'
FRQFHSWVDQGDUHXVHG WR LOOXVWUDWH WKH&$7(SURFHVVHVDQGFDSDELOLWLHV6LQFH1'$5&FDQQRWFUHDWHDVHULHVRI
GHVLJQV LQVWDQWDQHRXVO\ VXUURJDWH PRGHOLQJ FDQ EH XVHG WR SURYLGH D KLJK TXDOLW\ UHSUHVHQWDWLRQ RI 1'$5&¶V
NQRZOHGJH LQDQDVVHVVPHQWHQYLURQPHQW WKDW FUHDWHGDWDVHWV UDSLGO\HQRXJK WR VXSSRUWYDULRXVYLVXDOL]DWLRQDQG
DVVHVVPHQWFDSDELOLWLHV
7KH1'$5&VXUURJDWHPRGHOLQJSURFHVVLVRXWOLQHGLQ)LJ6LQFHWKHQXPEHURISRWHQWLDOYDULDEOHVIRUHDFK
FRQFHSW LV WRR ODUJH IRU HIILFLHQW RU IHDVLEOH VXUURJDWHPRGHOLQJ WKH QXPEHU RI YDULDEOHV QHHGHG WR EH UHGXFHG
9DULRXVYDULDEOHVFUHHQLQJVWXGLHVLQFOXGLQJSDUWLWLRQLQJDQGVHQVLWLYLW\DQDO\VHVZHUHFRQGXFWHGZKLFKOHGWRD
UHGXFHGVXEVHWRIWKHYDULDEOHVWKDWDFFXUDWHO\UHSUHVHQWVWKHYDULDELOLW\LQ1'$5&ZKLOHPDLQWDLQLQJDVXIILFLHQW
DPRXQW RI GHVLJQ UHTXLUHPHQWV DQG WHFKQRORJ\ YDULDEOHV7KH UDQJHV RI WKH YDULDEOHVZHUH VHOHFWHG EDVHGRQ D
UHYLHZRI WKHDYDLODEOH WHFKQRORJ\OLWHUDWXUHDVZHOODVGHVLJQUHTXLUHPHQWVDQGLQWXLWLRQ6XUURJDWHPRGHOVZHUH














SULPDU\ GDVKERDUG 7KH XVHU FDQ WDNH WKH FRQFHSW WKDW WKH\ KDYH FUHDWHG EDVHG RQ RQH RI WKH WKUHH EDVHOLQH
FRQFHSWV DQG DVVHVV LWV SHUIRUPDQFH LQ DGGLWLRQDOPLVVLRQV FUHDWH SD\ORDGUDQJHGLDJUDPV ILQG WKH FHLOLQJ DQG
VROYH IRU RWKHU SHUIRUPDQFHPHWULFV 7KLV LV GRQH E\ FDOOLQJ1'$5& GLUHFWO\ DQG VXSSRUWV WKH XVHU LQ ILQGLQJ
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WUDGHRIIV7KLV VHFWLRQZLOORXWOLQH WKHSURFHVV IRUJDWKHULQJ DQGYLHZLQJ WKDW LQIRUPDWLRQ WRPDNHGHFLVLRQV DV
HQDEOHGE\WKH&$7(7KHJRDORIWKLVSURFHVVLVWRXQGHUVWDQGWKHUHODWLRQVKLSVEHWZHHQUHTXLUHPHQWVSURSHUWLHV
DQG SHUIRUPDQFH RI WKH YHKLFOH 7KLV LQIRUPDWLRQ FDQ EH XVHG WR XQGHUVWDQG DQG PDNH GHFLVLRQV DERXW KRZ
UHTXLUHPHQWVPLJKWFKDQJHKRZYHKLFOHSURSHUWLHVQHHGWRFKDQJHDQGZKHWKHURUQRWDFKLHYLQJFHUWDLQJRDOVZLOO
UHTXLUHWHFKQRORJ\LQIXVLRQ





















7KHVH FRQVWUDLQWV &$7( DOORZV XS WR WKUHH VLPXOWDQHRXV FRQVWUDLQWV SHU YHKLFOH DUH GLVSOD\HG RQ WZR











FDQ WKHQ SURFHHG WR RSWLRQDO 6WHSV  DQG  7KHVH VWHSV DUH DQ DGGLWLRQDO RSSRUWXQLW\ IRU D GHFLVLRQ PDNHU WR







WR PDNH SHUIRUPDQFH VZHHSV 7KHVH FULWHULD LQFOXGH DWPRVSKHULF FRQGLWLRQV IRU SHUIRUPDQFH VZHHSV SD\ORDG
ZHLJKWDQGGUDJDX[LOLDU\IXHODQGLWHUDWLRQRSWLRQVHJPD[LPL]HUDQJH,IQRFKDQJHVDUHPDGHLQWKHPLVVLRQ
SURILOH HGLWRU LQ 6WHS  WKH XVHU FDQ VWLOO SURFHHG WR WKH ILQDO VWHS LQ WKH DQDO\VLV SURFHVV WR FRPSDUH FRPPRQ
PLVVLRQSHUIRUPDQFHSORWV,Q6WHSWKH&$7(XVHV1'$5&WRJHQHUDWHPLVVLRQSHUIRUPDQFHUHVXOWVDQGWKHXVHU
FDQYLHZWKHGLIIHUHQWSHUIRUPDQFHVZHHSVDQGPLVVLRQUHVXOWVEDVHGRQZKDWZDVGHILQHGLQWKHSUHYLRXVWZRVWHSV
$W WKH HQG RI WKLV SURFHVV D GHFLVLRQ PDNHU ZLOO KDYH DVVHVVHG PXOWLSOH YHKLFOH FRQFHSWV DJDLQVW D VHW RI
UHTXLUHPHQWVRILQWHUHVWDQGJDLQHGLQVLJKWLQWRKRZWKRVHUHTXLUHPHQWVFRXOGEHDFKLHYHG7KHWUDGHRIIVWKDWH[LVW
EHWZHHQ YHKLFOH IHDWXUHV DQG PLVVLRQV ZLOO KDYH DOVR EHHQ IRXQG 7KH GHFLVLRQ PDNHU PXVW FRPSDUH WKLV
LQIRUPDWLRQ WR WKHLUGHVLUHGJRDOVDQGGHWHUPLQH LI WKHLUJRDOVKDYHEHHQDFKLHYHGRU LI WKH\DUH LQIHDVLEOH7KLV




QRW MXVW IRU WKHLU DELOLW\ WR RYHUFRPHSHUIRUPDQFH OLPLWV EXW DOVR WRSURYLGHQRQSHUIRUPDQFH FDSDELOLWLHV WR WKH
YHKLFOH7HFKQRORJLHVWKDWDUHPHDQWWRLPSURYHQRQSHUIRUPDQFHFDSDELOLWLHVDUHJLYHQWKHWHUPµ0LVVLRQ6\VWHPV¶
DQGWKHLUJHQHUDOLPSDFWLVODEHOHGDVµ0LVVLRQ(IIHFWLYHQHVV¶ZKLFKZDVLQWURGXFHGLQ6HFWLRQ7KHLPSRUWDQFH
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7KHSURFHVVEHJLQVZLWK WKHFUHDWLRQRI D OLVWRI FDQGLGDWH WHFKQRORJLHVZKLFKFDQEHXSGDWHG WKURXJKRXW WKH
SURFHVV 7HFKQRORJLHV FDQ EH GLVFRYHUHG WKURXJK OLWHUDWXUH UHYLHZ VXUYH\V RI H[SHUWV DQG WKURXJK UHTXHVWV IRU
LQIRUPDWLRQ2QFHGLVFRYHUHG WHFKQRORJLHVDUHRUJDQL]HG LQ6WHSZLWKDQ ,QWHUDFWLYH5HFRQILJXUDEOH0DWUL[RI
$OWHUQDWLYHV ,50$ D OLYLQJ GRFXPHQW WKDW KHOSV WR FDWHJRUL]H DQG VHOHFW WHFKQRORJLHV 7KH ,50$ LQFOXGHV
FDSDELOLWLHV WRPRGHO WKH FRPSDWLELOLW\ RI WHFKQRORJLHV DQG WR VHOHFW WHFKQRORJLHV DQGYLHZ WKHLU LPSDFWV LQ UHDO
WLPH7KH,50$GDVKERDUGIRUWHFKQRORJ\VHOHFWLRQDQGDVVHVVPHQWLVVKRZQLQ)LJ
:KLOH D XVHU LV VHDUFKLQJ IRU WHFKQRORJ\ RSWLRQV WKH &$7( SURYLGHV D WHPSODWH IRU DVNLQJ TXHVWLRQV DERXW
WHFKQRORJLHV6LQFHWHFKQRORJLHVPXVWEHPDSSHGWRWKHDYDLODEOHPRGHOLQJLQSXWVDGHFLVLRQPDNHULVDEOHWRXVH





FDQEH LQSXWGLUHFWO\DQG WKHYHKLFOH¶VGUDJFDQEH VFDOHGDSSURSULDWHO\ZLWK WKH WHFKQRORJ\ IDFWRUV)RUPLVVLRQ
HIIHFWLYHQHVVWKH&$7(XVHVD4XDOLW\)XQFWLRQ'HSOR\PHQW4)'VW\OHTXDOLWDWLYHPDSSLQJZKHUHDWHFKQRORJ\
LVGHVFULEHGLQWHUPVRIKRZPXFKYDOXHLWSURYLGHVWRYDULRXVPLVVLRQHIIHFWLYHQHVVFDWHJRULHV7KHXVHUPXVWWKHQ
GHILQHWKUHVKROGDQGREMHFWLYHYDOXHVIRU WKRVHFDWHJRULHV7KH&$7(ZLOO WKHQEHDEOH WR WHOO WKHGHFLVLRQPDNHU























2QFH WKH VHOHFWLRQ DOJRULWKP WHUPLQDWHV WKH XVHU LV VKRZQ WKH 3DUHWR )URQWLHU DORQJ ZLWK D OLVWLQJ RI WKH
SURSHUWLHV RI WKH 3DUHWR RSWLPDO SRUWIROLRV ,Q 6WHS  WKH GHFLVLRQ PDNHU FDQ YLHZ WKH SRUWIROLRV H[DPLQH WKH
UDQNLQJVRIWHFKQRORJLHVWKDWWKH&$7(SURYLGHVDQGFRPSDUHWKHSHUIRUPDQFHRIWKHSRUWIROLRVWRWKHLUREMHFWLYHV
7KH WHFKQRORJ\ UDQNLQJV DUH EDVHG RQ KRZ IUHTXHQWO\ WHFKQRORJLHV DSSHDU RQ WKH IURQWLHU LQ D JLYHQ UXQ RI WKH
JHQHWLF VROYHU 7KHPRUH RIWHQ D WHFKQRORJ\ DSSHDUV RQ WKH IURQWLHU WKHPRUH OLNHO\ LW LV WR EHZRUWK SXUVXLQJ
UHJDUGOHVV RI WKH REMHFWLYHV RI FRQFHUQ ,I WHFKQRORJ\ SRUWIROLRV DUH XQDEOH WR FORVH D FDSDELOLW\ JDS RUPHHW DQ
HIIHFWLYHQHVVJRDOWKHQWKHGHFLVLRQPDNHUPXVWLWHUDWHE\DGGLQJPRUHWHFKQRORJ\RSWLRQVPRGLI\LQJWKHLUJRDOV
DQG UHTXLUHPHQWV RU E\ UHWXUQLQJ WR WKH VL]LQJ SURFHVV DQG FUHDWLQJ D GLIIHUHQW YHKLFOH ,I FDSDELOLWLHV DUH EHLQJ
DFKLHYHG WKHQ WKH UHVXOWV FDQ EH XVHG WR VXSSRUW GHFLVLRQV DERXW WKH LQFOXVLRQ RI D WHFKQRORJ\ LQ DQ\ IXWXUH
GHYHORSPHQWRUGHVLJQSURJUDPV
2YHUDOOWKHWHFKQRORJ\VHOHFWLRQSURFHVVLQWKH&$7(SURYLGHVXVHUVZLWKDFRPSUHKHQVLYHVXLWHRIWHFKQRORJ\
GHILQLWLRQ DQG DVVHVVPHQW FDSDELOLWLHV WKDW FRPELQHV TXDQWLWDWLYH DQG TXDOLWDWLYH PHDVXUHPHQWV RI WHFKQRORJ\
LPSDFWV7KHSURFHVVUHVXOWVLQLQIRUPDWLRQDERXWZKLFKWHFKQRORJLHVDUHWKHPRVWOLNHO\WRKHOSDQDGYDQFHGYHKLFOH
DFKLHYHLWVJRDOVDVZHOODVLQIRUPDWLRQDERXWH[WHQWRI WKHFDSDELOLWLHV WKDW WHFKQRORJLHVFDQSURYLGH7KLVVHWRI
LQIRUPDWLRQFDQWKHQEHXVHGWRHLWKHUSURFHHGZLWKWHFKQRORJ\SURJUDPVRULWHUDWHGXSRQWRJDLQPRUHLQVLJKW





ZDV FUHDWHG WR SURYLGH D VLQJOH HQYLURQPHQW WKDW QRW RQO\ SURYLGHV SURFHVVHV DQG IHDWXUHV WR VXSSRUW GHFLVLRQ




ZKLFK SURYLGHV WKH UDSLG TXDQWLWDWLYH SRZHU RI WKH &$7( 7KH WHFKQRORJ\ VHOHFWLRQ IHDWXUHV HQDEOH D XVHU WR
VLPXOWDQHRXVO\VHDUFKDPRQJTXDOLWDWLYHDQGTXDQWLWDWLYHREMHFWLYHVIRUWHFKQRORJ\SRUWIROLRVWKDWFRXOGRYHUFRPH
FDSDELOLW\JDSVWKDWWKH&$7(ZDVDEOHWRLOOXVWUDWH5RWRUFUDIWGHVLJQVWKDWDUHDQDORJRXVWRWKH-057'FRQFHSWV
ZHUH PRGHOHG LQ WKH 1'$5& VRIWZDUH DQG LPSOHPHQWHG DV VXUURJDWH PRGHOV LQ &$7( ZKLFK VHUYHV DV D
SUHOLPLQDU\YHULILFDWLRQRIWKHSURFHVVHVLQ&$7(
7KH WUDFHDELOLW\ DQG UHSHDWDELOLW\ RI WKH &$7( HQYLURQPHQW SURFHVVHV FRPELQHG ZLWK WKH NQRZOHGJH RI WKH
1'$5&VRIWZDUHSURYLGHVDVWURQJIRXQGDWLRQIURPZKLFKWRVXSSRUWGHFLVLRQPDNLQJ7KHRXWSXWVRIWKH&$7(
IHDWXUHV DUH DEOH WR FOHDUO\ VKRZ FDSDELOLW\ JDSV ZKLFK FDQ EH XVHG WR GHPRQVWUDWH D TXDQWLWDWLYH QHHG IRU
WHFKQRORJ\LQIXVLRQRUWRPRWLYDWHFKDQJLQJUHTXLUHPHQWVRUGHVLJQSDUDPHWHUV
7KH&$7(HIIRUWLVFRQWLQXLQJLQRUGHUWRSURYLGHPRUHDQDO\VLVFDSDELOLWLHVDQGGDWDWRLWVXVHUV7KHDGGLWLRQDO
FDSDELOLWLHVZLOO LQFOXGH LPSURYHG VXSSRUW IRU WHFKQRORJ\ GHILQLWLRQV DQGPDSSLQJV DVZHOO DV QHZ IHDWXUHV IRU
FDSDELOLW\ JDS GHWHFWLRQ VHQVLWLYLW\ DQDO\VLV DQG XQFHUWDLQW\ DQDO\VLV 7KH DSSOLFDWLRQ RI &$7( WR DQ H[LVWLQJ






7KHDXWKRUVZRXOG OLNH WR WKDQN WKH1DWLRQDO ,QVWLWXWHRI$HURVSDFH 1,$(OLDV5LJDVDQG%U\DQ*OD]DW WKH





=HQWQHU -0$ GHVLJQ VSDFH H[SORUDWLRQ SURFHVV IRU ODUJH VFDOHPXOWLREMHFWLYH FRPSXWHU VLPXODWLRQV 3K' >GLVVHUWDWLRQ@ >$WODQWD *$@
*HRUJLD,QVWLWXWHRI7HFKQRORJ\
6DOWHOOL$$QQRQL3$]]LQL,&DPSRORQJR)5DWWR07DUDQWROD69DULDQFHEDVHGVHQVLWLYLW\DQDO\VLVRIPRGHORXWSXW'HVLJQDQGHVWLPDWRU
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